In this paper the characteristics of the transistor and the monolithic chip, the structure of the device and related problems observed in temperature cycling are described.
INTRODUCTION
A hybrid voltage regulator for automobile use was developed ten years ago in Sanken Electric and at present the regulators are in mass production with the aid of semiconductor technology improvement, such as the success of flip-chip small signal device and well-passivated solderable high power transistor.
In spite of rather long history IC regulators just started to replace conventional mechanical regulators three years ago. The reason of the delay would be due to low reliability expected and expensiveness. Since all the problems have been settled at present, the mechanical regulators would be totally replaced by the electronic counterparts in the very near future because of their small size, light weight, high current capability, free from maintenance and high reliability.
CIRCUIT
There are several standard circuit It is usually difficult to obtain a transistor which satisfies both the saturation voltage and cost, and having a higher blocking voltage than the ignition surge pulse. Although the ignition surge is high, its energy is relatively small. Accordingly the transistor was designed as not going into secondary breakdown area though the blocking voltage is lower than the surge.
The darlington transistor is shown in Figure 2 and its cross section in Figure 3 respectively. The emitter-base and the base-collector junctions are glass-passivated, so the transistor surface is stable enough against humidity. Since Figure 8a to Figure 8c . The darlington is soldered on Ni-plated Cu base in order to absorb a transient power loss. Silver lead wires of 0.3 mm in diameter with nail heads are shown in Figure 8a and Figure 8b .
The pull strength of solder bond is much larger than that of wire bonding with gold and aluminum. The pull strength of the figure is above 1 Kg by the reason of thick and nail headed lead wire. The six-bumped monolithic IC is reflow bonded to the substrate pattern on a belt reflow furnace. Solder wetting takes place at the same time for all the component electrodes and bumps giving uniform bonding and accordingly high reliability in severe mechanical environment. The pull strength of bonded wire has been reported about 15 g2 for gold wire. The shear strength of a bump shown in Figure 9 is measured above 150 g, ten times larger than gold wire bonding. Measured distribution is shown in Figure 10 .
Each element and a cross over wire are coated with silicone rubber to absorb mechanical stress caused by thermal expansion difference and to protect semiconductor surface from contaminations. After functional trimming for regulating voltage setting the substrate is attached to an aluminum heat absorber and potted by resin. The regulator is then installed inside the alternator as shown in Figure 11 .
These structures can be deduced to be the most suitable to operate in specially severe temperature variation and mechanical vibration in automobile application. This feature has been proved in the field for several years. Figure 13 and the value of the resistor will increase. The crack would grow to a break as the temperature cycling is repeated. This is due to the poor pattern design of conductor. The steep step is formed by solder, and also due to the fact the lead wire B is too straight for absorbing thermal expansion and compression. Therefore it is necessary to design the pattern with a neck shown in Figure 14 , so that soldering forms a moderated shape shown in the figure.
In addition by making the lead wire B more loopy, the crack does not occur until 600 times of cycling. 
FUTURE
The field failure rate of conventional mechanical regulators is said to be about 0.02%. According to statistics in the market, the IC regulators have kept the level of less than 0.01% of failure rate. It is believed that the result could accelerate the application of hybrid circuit in automobile industry.
In the near future the alternator field current must be increased in order to take more current out of the generator because higher current will be required for the future automobile. The mechanical regulator will be rapidly replaced for this reason.
Increase of the field current will give necessarily more power loss in the regulator. Stable operation at higher temperature will be required for regulators of the next generation. 3, 4 
